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(54) Mettiod of forming trench capacitor DRAM cell 

(57) A method of forming a dynamic random access 
memory cell in a semiconductor substrate. The cell has 
a transistor in an active area of the semiconductor sub- 
strate electrically coupled to a storage capacitor through 
a buried strap or coupling region. The method includes 
forming an electrode for the capacitor in a lower portion 
of a trench in the semiconductor substrate. A sacrificial 
material is formed on the sidewall portion of the trench, 
such saaifictal material extending from tfie surface of 
the semiconductor substrate into the substrate beneath 
the suriace of the semiconductor substrate. The active 
area for the transistor is delineated and includes form- 
ing a covering material over the surface c! the semicon- 
ductor substrate with a portion of the sacrif icial material 
being projecting through the covering material to 
expose such portion of the sacrificial material. Subse- 
quent to the delineation of the active area, the covering 
material and the exposed portion of the sacrKictal mate- 
rial are sidijected to an etch to selectively remove the 
saaifidat material while leaving the covering material, 
such removed saaifidal material exposing the first 
region of a semiconductor substrate disposed beneath 
a surface of such substrata The selected material is 
provided in the exposed portion of the semiconductor. 
The method is used In q variety of applications including 
formation of the buried strap used to electrically connect 
the capacitor and the transistor and formation of a verti- 
cal gate channel for the transistor of the cell. 
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Description 

Background of the hTvention 

[0001] This invention relates generally to Dynamic 
Random Memories (DRAMs) and more particulajly to 
DRAMs having txiried capacitors as the storage ele- 
ment thereof. 

[0002] As is krx>wn in the art it is frequently desira- 
ble to form regions of a semiconckictor device below 
(i.e., buried beneath] the surface of a semiconductor 
substrate (i.e., body). More particularty, it is frequently 
desirable to form a first region in a semiconductor sub- 
strate beneath a surface of such substrate and afigned 
with a second region also disposed beneath the surface 
of the substrate. The formation of this first region is typ- 
ically performed using a litfK)grapNc-etching processes. 
However, ni order to form the first regoa the mask used 
in the lithographic-etching process must be properly 
aligned v;ith the second region which -region is buried 
and thus not visible from the surface. Imprecise proper 
mask alignment may result in defects. 
[0003] For example, in a DRAM cell having a buried 
trench capacitor coupled to a field effect transistor 
through a buried strap, or coupling region, it is desirable 
to form the buried strap in precise alignment with a skie- 
wall of the trench after the trench has been fonned and 
then covered with an insulating material. More partk;u- 
larty. after forming the trench, a dielectrk; Gner (i.e.. a 
node dielectric) is formed on the sKlewalls of the trench. 
The trench is filled with a conductive material, typically 
doped polycrystalline or amorphous silicon. The filled 
trench ts then recessed. A second dielectric layer is 
formed over the skJewalls exposed by the recess and 
over the conductive material in the trench the bottom of 
the recess. A reactive ion etch (RIE) is used to remove 
the second dielectric from the bottom of the recess 
while the portions of the second dielectrk; material 
remain on the sklewalls of the recess. The remaining 
second dielectric material forms a dielectric collar for 
the DRAM cell. Next the recess is mied with a conduc- 
tor, typically doped polycrystalline or anxxphous silicon. 
Thus, the second doped material whk:h is In contact 
with the first doped material together provkie a storage 
node (i-e.. electrode) fa the buried capacitor. Next the 
second doped silicon material is recessed a second 
time to expose upper portions of the dielectrk: collar. 
This exposed upper portion of the cfielectric collar is 
removed together with exposed portkMis of the node 
dielectrk: layer, to thereby re-expose upper portions of 
the deep trench formed in the semiconductor substrate. 
Next a third silkx>n nrwiterial is deposed in the second 
recess to provde the buried strap. 
[0004] Subsequently, the active area where the 
transistor is to be formed is delineated G-O-t defined) in 
the structure by a shaDow trench isolation (STI) regk)n 
formed in the structure. This STI region Is then f illed with 
an Qxkle to complete the IsolatkMi of the active area. 



This oxkle f Ql involves a thermal cyde, for example, sub- 
jecting the structure to a temperature of lOO^C or 
higher, for about 2 to 10 minutes. This high thermal 
cyde causes dopant in the buried strap provided by the 

5 doped polycrystalline material to out-diffuse into a por- 
tion of the active area where the drain region of the tran- 
sistor wiQ be fonmed. Unfortunately, the thermal cycle 
may resuh in a larger amount of out<liffusion then 
desired because of the relatively high temperature and 

10 relative long thennal cyde time. Thus, excessive out-dif- 
fuston may result. This excessive out-diffusion, together 
with mask misalignments which may occur in the gate 
formation, may result in inadequate gate channel length 
for effective operation of the transistor. 

IS [0005] One technique suggested is to form the bur- 
ied strap sut>sequently to the STI delineatnn of the 
cells. With such suggested technique, however, the 
region in the semiconductor where the buried strap is to 
be formed (i.e.. a region adjacent to the sklewall of the 

20 -trench) is co\.'ered with the STI oxkle. Therefore, when a 
mask is applied to the surbce of the stmcture with an 
aperture whk:h is to be placed over the region in the 
semkx)nductor where the buried strap is to be fonned 
(i.e., a region adjacent to the skiewall of the trench), 

25 because the buried strap region is hklden by the STI 
QxkJe, a critical mask alignment step is required in order 
the etch into the semiconductor substrate at the precise 
location for the buried strap. That is, the mask nf)ust be 
predsely aligned with the skJewalls of the trench used to 

30 provkie the trench capacitor and such sklewall is unfor- 
tunately, hkkJen by the STI oxkJe. 
[0006] Another example where it is desirable to pro- 
vkie a the first region of a semiconckictor substrate dis- 
posed beneath a surface of such substrate aligned with 

35 the second region after such second region is covered 
with a covering material is in the fornrution of a fieki 
effect transistor having a buried vertical gate channel 
region aligned with (i.e., having a predetermined lateral 
separation from) a vertical sidewall of a trench formed in 

40 the semkxsnductor substrata In order to elecbically iso- 
late the transistor from other transistors formed in the 
semkxxiductor substrate the Shallow Trench Isolation 
(STI) technk)ue described above is used When it desir- 
able to fomi the vertical gate channel region subse- 
ts quent to forming the STI step, covering of the 
semkxjnductor substrate with the STI oxide conceals 
the region in the semiconductor substrate where the 
vertical trench sidewall is to be etched since it is hidden 
by the STI oxkie. Thus, a critically aligned masking step 

so is required to predsely form the t>uried vertical sidewall 
and hence the gate channel. 

Sunvnarv of the Invention . , . - 

55 [0007] In accordance with the inventksn. a method 
is provkied for forming a first region in a semiconductor 
substrate disposed beneath a surface of such substrate 
and aligned with a second region having a portion 
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thereof also di&posed in the semiconductor sitetrate 
beneath the surface of the semiconductor substrata 
The method includes forming the second region in the 
semiconductor substrate, such second region having a 
sklewall portion provided by the semiconductor sub- 
strate. A sacrifictal nviterial is formed on the sidewaH 
portion of the second region, such sacrificial material 
extending from the surface of the semiconductor sub- 
strate into the sut>strate beneath the surface of the sem- 
iconductor substrate. A covering material is formed over 
the surface of the semiconductor with a portion of the 
sacrificial material projecting through the covering 
material to expose a portion of the sacrificial matertai. 
The covering material and the exposed portion of the 
saaifidal material are subjected to an etch to selec- 
tively renxive the sacrificial material while leaving the 
covering nnaterial. The rennoved sacrificial material 
exposes the sidewall portion of the second region. The 
first, region is formed in the semiponductor substrate 
using -the exposed portion of the second region.as 
marker indicating position of the sidewall portion of the 
second region. 

[0008] With such method, the first region is formed 
sut)sequent to the forn^tion of the covering material 
without the use of lithography and critical alignment 
requirements associated with such lithography. 
[0009] In one embedment, after delineating an 
active area in the semiconductor substrate by providing 
a dielectric material over non-active areas of the semi- 
conductor sutjstrate. the selective removal of the sacrifi- 
cial material esqxses the buried strap region for a trench 
capacitor type DRAM cell. Material is then provided in 
si^ buried strap region which serves as the txiried 
strap, such txiried strap being contiguous to the trench 
capadtor sidewall. 

[0010] In another embodiment after delineating an 
active area in the semiconductor substrate by providing 
the covering cfielectric material over non-active areas of 
the semiconductor substrate, the active area being cov- 
ered with a second, different material, the selective 
renxjval of the sacrifidal material exposes the sidewall 
of the trench capacitor. This exposed sidewall portion 
serves as a marker indicating tiie position of such side- 
wall. An etch is brought into contact with the different 
materials covering the active and non-active areas, 
such etch selectively renrK>ving portiors of the second 
material to expose an underiying portion of the active 
area laterally spaced from the sidewall of the trench a 
selected distance. The exposed active area is etched 
anisotropically to provide a vertical surface laterally 
spaced from the sidewall by tiie selected distance. A 
field effect transistor fa the c^l is formed in the active 
area having^a vertical gate channel afong the vertical 
suriace. 

[001 1 ] With such method, the vertical gate channel 
is formed the selected distance from the sidewall of the 
trench capacitor witii requiring a lithography and the 
aitical alignment requirements assodated therewith. 



[0012] In accordance with one embodiment, a 
method is provkJed for UxrvanQ a dynamic random 
access memory cell in a semiconductor substrate, such 
cell having trar^istor in an active area of tiie semicon- 

5 ducta substrate electrically coupled to a storage capac- 
itor through a buried strap, or coupling region. The 
method indudes forming an electrode for the capacitor 
in a lower portion of a trench in the semiconductor sub- 
strate. A sacrifidal material is formed on tiie skiewall 

TO portion of the trench, such sacrificial material extending 
from the suriace of the semiconductor substrate into tiie 
substrate beneath the surface of the semiconductor 
substrata The active area for the transistor is deline- 
ated and indudes fonning covering material over the 

IS surface of the semiconductor substrate with a portion of 
the sacrifidal nnaterial k>eing projecting through tiie cov- 
ering n^terial to expose such portion of the sacrifidal 
material. The covering material and tiie exposed portion 
of the sacrifkaal material are subjected to an etch to 

20 selectively removejhe sacrifidal material while leaving 
the covering material, such renxived sacrificial material 
exposing the first region of a semiconductor substrate 
disposed beneath a surface of such substrate. The 
selected material is provkied ttie in the exposed portion 

25 of the first regfon of the semfoonductor substrate. 

[0013] In one emlxxlimerrt. the step of delineating 
the active area indudes subjecting the substrate to a 
temperature of at least 1000''C for a period of time of at 
least 2 minutes. 

30 [0014] In accordance with one embodiment, tiie 
method comprises forming a protective layer over tiie 
conductive material and over upper portions of tiie 
trench prior to delineating the active area; removing por- 
tion of the protective layer after delineation of the active 

35 area to re-expose upper portions of the trench; and 
forming tiie buried strap with such buried strap region 
being in contact witfi the re-exposed upper portions of 
the trench. 

[0015] Witti such method, the region in the semi- 
40 conductor substrate where the txjried strap is provided 
is formed sat>sequent to the fonmation of the active area 
delineation wittiout tiie use of IHhography and critical 
alignment requirements associated with such IKhogra- 
phy. 

45 

Brief Description of tfie Invention 

[0016] Other features of tiie invention, as well as 
the invention itself, will become more readily understood 
50 from tiie following detailed description when taken 
together with the following drawings, in which: 

-FIGS. 1A-1L are diagrammatical cross-sectiona! 
sketches showing fabrication of a DRAM cell in 
55 accordance with the invention at various stages in 
the fabrication tiiereof ; 

FIG. 2 is a diagrammatical cross-sectional sketch f 
the DRAM cell fabrk^ated in accordance witii the 



5 



EP1030362A2 



6 



steps shown in FIGS. 1A-1L;and 

FIGS. 3A-1N are diagrammatical cross-sectional 

sketches showing fabrication of a DRAM cell in 

accordance with the another enibodiment of the 

irwention at various stages in the fabrication 

thereof. 

Description of the Preferred Embodiments 

[0017] Referring now to FIGS. 1A through IL, a 
method is descrbed for forming a dynamic random 
access memory cell 3 shown in FIG. 2. The cell 3 
includes a field effect transistor 4 having one of its 
source/drain region 5 electrically coupled to a storage 
capacitor 6 through a buried strap, or coupling region 7. 
As will be descrbed, the region in the semiconductor 
substrate where the burled strap 7 is provided is formed 
subsequent to the fomnation of the ST1 without the use 
of lithography and critical alignn^ requirements asso- 
ciated with such lithography, - - 

[0018] More particulariy, referring to FIG. 1A. a 
semiconductor, here P type doped silicoa substrate, or 
body 10 is provided having formed therein a deep 
trench 12. Formed about the lower portion of the trench 
12 is an doped region 19 using conventional 
processing. Formed in the deep trench 12, using con- 
ventional processing, are first and second 6of>e6 poly- 
crystalline silicon materials 14, 16 which together 
provide a storage node (i-e.. capacitor electrode) for 
capacitor 6 (FKl 2). tt should be understood that other 
conductive materials, such as doped anx>rphous silicon 
may be used. The storage node 14. 16 is separated 
from the silicon substrate 10 by a node dielectric 18 dis- 
posed along a lower portion of the deep trench 1 2 and a 
dielectric collar 20 formed in the upper portion of the 
trench 12. upper portions of the dielectric collar 22 hav- 
ing been removed to expose portions 22 of the silicon 
substrate 10. thereby providing the structure shown in 
FIG. 1 A. More particulariy, a recess 24. here 50 nanonv 
eters (nm) deep, Is formed in the upper portion of the 
doped pdycrystalline sIHccn nnat^ial 16 and e}^x>sed 
portions of the dielectric collar 20 are removed with a 
wet etch, In a conventional mann^. to produce the 
structure shown in FIG. 1 A. (It is noted that a pad stack 
26 having a lower silicon dioxide layer 28. with an upper 
silicon nitride layer 30, are also provided prior to forma- 
tion of the deep trench 12. node dielectric 18. dielectric 
collar 20. and storage node 14. 16). 
[0019] Next, referring to FIG. IB. the sidewall por- 
tions 22 (FIG. 1 A) of the recess 24 are lined with sacri- 
ficial material, here such sacrHidat material comprising: 
(1) a protective layer 32 of. here a silicon nitride, depos- 
lied over the structure shown in FIG. 1 A with a thickness 
of, here. 5 nm; and (2). a thin layer of a polycrystaltine 
silicon 34 deposited over the surface of the silicon 
nitride layer 32. Here, the polycrystalline siGcon 32, is 
polycrystalline or anxirphous silicon having a predeter- 
mined thickness, here 30-40 nm. Here, in this example. 



and while not required, an anisotropic siScon reactive 
ion etch (RIE) is used to remove the horizontally dis- 
posed portions of the polycrystalline silicon layer 34 and 
the then exposed horizontally disposed portions of siD- 

5 con nitride layer 32. It is noted in Fia 1 C that vertically 
disposed portions of the polyaystalline silicon layer 34 
O.e. vertical portions 34*) and vertically disposed por- 
tions of the silicon nitride 32 (i e.. vertical portions 32') 
remain. That is. as shown in FIG. 1 C. here the structure 

10 is subjected to a reactive ion etch (RIE) renrxwng hori- 
zontal surface portions 35 (FIG. IB) of the polycrystal- 
line silicon 34 which remained on the lower surface (i-e.. 
bottom) of the recess 24 (FIG. 1 6) while leaving vertical 
regions 34* of such polycrystalline silicon material 34 

75 and vertical portions 32* of silicon nitride layer 32*. as 
shown is FIG. 1C. 

[0020] Next the active area, in which the field effect 
transistor for the DRAM cell is to be formed, is deline- 
- ated. More particulariy. a photoresi8t.layer„40 is depos- 
30 Ked over surface of the structure shown ei FIG. 1C and 
patterned using conventional lithography with a window 

42 over the region where the STl is to be formed (i-e.. 
the patterned mask covers the active area) . The por- 
tions of the structure exposed by the window 42 in the 

25 photaesist layer 40 are etched to form the Shallow 
Trench Isolation (STl) region 43 (FIG. IE). First a thin 
layer, not shown, of thermally grown silicon dioxide is 
grown over the silicon walls portions of the trench region 
43. Here such silicon dioxide is grown by subjecting the 

30 Structure to a high thermal cyda For example, here the 
structure is subjected to a temperature of 1000°C or 
higher, for about 5 to 10 minutes. It is noted that portions 
of the sacrificial material (i-e.. the polycrystalline silicon 
34 and the silicon nitride protective layer 32 covered by 

35 the patterned mask 40 (FIG. ID)) remained disposed 
over a portion of the storage node 14. 16 during the for- 
mation of the STl region 43 (FIG. 1 E) and during the for- 
mation of the dielectric material 48 (FKI IF). Thus, 
during the thermal cyde used In the formation of the 

40 dielectric material 48. portions of both the polycrystal- 
line silicon 34* and the silicon nitride protective layer 32 
are disposed over the doped polycrystalline materials 
14, 16 which provide the storage node of the capacitor 
6 (FIG. 2) . Thus, the conductive material in the trench 

45 which provides the storage node is not in contact with 
the silicon substrate during this high thermal cycle. After 
thermally growing this thin silicon dioxide layer, dielec- 
tric material 48. here TEOS, is fonmed over the trench 

43 fill the STl trench 43 (Fia IE) using conventional 
50 techniques to form the structure shown in FIG. 1 F. 

[0021] Referring to FIG. 1G, the upper suriace of 
the structure shown in FIG. IF is planarized by remov- 
ing, such as with chemical mechanical processing 
(CMP) the upper portions of the TEOS 48. It Is noted. 
65 howe/er. the upper portions of the sacrifkaal material, 
(i.e., the silicon nitride liner 32 and the polycrystalline 
silicon 34*) project through the remaining porttons of the 
TEOS. That is. the sacrifkial material. (i.e.. the silicon 
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nitride liner 32 and the potycrystalline stGcon 34^. are 
exposed, as shown hi FKI ia 
[0022] Next, referring to FIGS. 1H, the upper sur- 
face of the structure shown in FIG. 1G is subjected to an 
etching process which selectively the sacrif icial niaterial s 
(i.e., the exposed sIGcon nitride liner 32 and polycrystal- 
line sOicon 34*) . Here, such etching process uses a 
chemical downstream etch (CDE) to remove the 
exposed portions of the polycrystalline silicon 34' por- 
tion of the sacrificial material. The exposed silicon io 
nitride 32 portion of the sacrificial material is removed 
using a reactive ion etch or wet etch (e.g.. hot phos- 
phoric add) thereby fonming a divot 44 (FIG. 1 H) of pre- 
determined volume in the upper portion of the trerKh 12 
(FIG 1^, such divot 44 being aligned with (here, contig- is 
uous to) the silicon sidewafl portion 22 (FK1 1 A and 1 H) 
of the deep trench 12. 

[0023] Refemng to FIG. 11, an layer 50 of, for 
example, of doped or undoped amorphous or polycrys- - . 
talline silicon, is deposited over the surface of the strjc- sto . 
ture shown in FIG. 1 H. The layer 50 is deposited with a 
predetermined thickness selected to fUl the divot 44 
(FIG. 1 H), as shown in FIG. 1 1 . The surface of the struc- 
ture is planarized using chemical mechanical process- 
ing or reactive ion etch (RIE), and then the material 50 zs 
is etched using RIE to form a recess, or gap 52 which is 
disposed below the surface of the pad nitride layer 30. 
as shown in FIG. 1J. Next, referring to FIG. IK, a layer 
60 of silicon oxynitride Is deposited with a thickness of 
here 30 nm over the surface of the structure shown in so 
FIG. 1J. It is noted that a portion of such layer 60 fills the 
gap 52 (FIG. IJ). as shown in FIG. IK. The surface is 
then planarized as shown in FIG. 1L by etching the 
excess oxynitride layer 60. The pad layer 26 is then 
stripped using hot phosphoric add to thereby produce ss 
the structure shown in FIG. 1L The structure is then 
processed in any convention way to form the DRAM ceD 
3 shown in FIG. 2. 

[0024] Thus, it is noted that the sacrif idal material 
(i.e.. the silicon nitride Gner 32 and the potyaystaOine 40 
material 34' (FK1 10)) *s formed on the sidewall portiori 
of the trench 12 beneath the surface of the semiconduc- 
tor substrate prior to the STI delineation of the active 
area in the substrate. The active area for the transistor 
is then delineated using STI and includes forming die- 45 
lectric covering material (e.g. the oxide or TEOS 48, 
FIG. IF) over the surface of the semiconductor sub- 
strate with a areas. Further, the sacrifidal material (i s., 
the nitride liner 32 and the poiyaystalline nriaterial 34' 
1G)) extends from the surface of the semiconductor so 
substrate to the surface of the substrate and projects 
through the covering material 48 (FIG. 1G) to expose 
such portion of the sacrificial material (ue„ the nitride 
liner 32 and the polycrystalline material 34). The cover- 
ing material 48 and the exposed portion of the sacrif idal ss 
material (i. .e. liner 32 and material 34*) are subjected to 
an etch to selectively remove the saaif idal noaterial 32, 
34* while leaving the covering material 48 (FIG. 1H), 



such removed sacrificial nnaterial exposing the region 
44 of a semiconductor substrate cfisposed beneath a 
Siffface of such substrate wher the buried strap 7 is to 
be fornfied. The selected material, here the doped or 
undoped poiyaystalline or amorphous silicon 50 (FIG. 
IJ) is provided the in the exposed portion (i.e., divot 44) 
of the semiconductor substrate which formed the buried 
strap. Thus, the sacrificial material 32. 34' (FIG. 1G.) 
provide a nnarker. or spacer, having a predetermined 
afignnnent with the sidewalls of the trench. This nnaricer, 
or spacer, is nruintained after the STI process. Thi£, 
after the STI process, the exposed saaifidal material 
32, 34' is selectively removed to expose the buried 
region *n the semiconductor substrate where the buried 
strap 7 to t)6 formed. Thus, the region tfi the semicon- 
ductor suttstrate where the buried strap 7 may be 
formed subsequent to the formation of the STI without 
the use of lithography and aitical alignment require- 
ments assodated with such jitt^raphy. 
[0025] - -It should be noted if an undoped polycrystal-, 
Gne or amorphous silicon material 50 is used, during the 
formation of the gate oxide for the fieki effect transistor, 
dopant in the storage node diffuses vrto and through 
such undoped material 50 to thereby provide the con- 
ductive buried strap. 

[0026] Referring now to FIGS. 3A through 3N a 
method is shown for forming a DRAM cell having a field 
effect transistor with a vertical gate channel buried 
within a semiconductor sut>strate and with a 
source/drain region coupled to a trench capacitor 
through a buried strap, as shown in FIG. 3N. 
[0027] Thus, referring to FIG. 3A. a saniconductor. 
here P type doped silicon, substrate 100 is provided 
having formed therein a deep trench 102. Formed about 
the fower portion of the trench 1 2 is an NT doped region 
104 using conventional processing. Formed in the de^ 
trench 102, using conventional processing, is a conduc- 
tive material 106, such as cioped polycrystalline or 
annorphous silicon notarial to provide a storage node 
(i.e.j capadtor electrode) for the capacitor of the DRAM 
call. The storage node 106 is separated from the siGcon _ . 
substrate 100 by a node dielectric 108 disposed along a 
lower portion of the deep trench 1 02 and a dielectric col- 
lar 1 1 0 formed in the upper portion of the trench 1 2. The 
upper portion 112a of the conductive material 106 will 
provide the buried collar for the DRAM cell, ft is noted 
that a pad stack 122 having a lower siGcon dioxide layer 
126. here for example, having a thickness of 50 A. vtrith 
an upper silicon nitride layer 128. here having a thick- 
ness of 2000-3000A. are also provided prior to forma- 
tion of the deep trench 102. node dielectric 108, 
dielectric collar 1 10. and storage node 106, in any con- 
ventional manner. - _ . . . 
[0028] Referring now to FIG. 3B. a layer 128 of sili- 
oon nitride is deposited over the surface of the structure 
shown in Fia 3 A, here such layer 128 having a thick- 
ness of 3 to 5 nanometers. Next, a layer 1 30 of poiyays- 
talline silicon is deposited ver the sOicon nitride layer 
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128. here such layer 128 having a thickness of 40 
nanometers. As will become evident below, the layer 
1 28 of silicon nitride and the layer 1 30 of polycrystalline 
silicon provide a sacrificial material lor processing sub- 
sequent to the deGneation of the active areas here using 
STI to be descrbed in connection with FIGS. 3C-3F. 
[0029] Referring new to FIG. 3C, a photoresist layer 
1 32 is deposited over the surface of the structure shown 
in FIG. 3B and is patterned as shown In FIG. 3C to 
cover the active areas where the transistor of the cell is 
to be formed, i.e.. a window 134 Is formed over the non- 
active. Isolation regions used to delineate the active 
region. A shallow trench 136 is fenced in the sitetrate 
10 using conventional etching techniques to produce 
the structure shown in FIG. 3D. The trench is fSled with 
dielectric material 138. here TEOS. using conventional 
processing to thereby produce the structure shown in 
FIG. 3E. The surface of the structure shown in FIG. 3F 
is plar;arized usir^ processing desaibed above in con- 
nection with FIGS. IF and 1G to thereby produce the 
structure shown \n FIG. 3F It is noted that the upper 
portions of the sacrificial material (i e., silicon nitride 
layer 128 and polycrystalline silicon layer 130 are 
exposed and project through the dielectric material 138. 
as shown. Further, it is again noted that the sacrificial 
matenal were deposited on the portions of the sidewall 
of the trench 100 (FIG. 3A and 3B). 
[0030] Referring now to FIG. dG. the exposed por- 
tions of the polyaystaliine silicon layer 130 (FIG. 3F) 
are selectively removed in the manner described akxive 
in connection with FIG. 1 H to thereby produce the struc- 
ture shown in FIG. 3G with the renrtoved polycrystalline 
silicon material 130 leaving a gap 140 in the upper sur- 
face of the structura This gap 1 40 insures that the thick- 
ness of layer 150 is uniform over the surface of the oxide 
layer 126. Next, the exposed portions of the silicon 
nitride layer are etched using an isotropic wet etch, here 
hot phosphoric acid to produce the staicture shewn in 
FIG. 3H. The etch is selective to siGcon nitride and does 
not significantly etch silicon or silicon dioxide. It is noted 
that the etch enters the gap 140 (FIGS. 3G and 3H) and 
laterally recesses the pad nitride a distance X (techni- 
cally X minus the 3-5 nanometers thickness of the sili- 
con nitride layer 128. In any event the wall 142 of the 
pad nitride 134 is a predetermined distance from the 
sidewall 144 of the trench 102. It is noted that the height 
of the strap is Y, here about 400 nanometers. 
[0031 ] Referring to FIG. 31, the surface of the struc- 
ture is coated with a dielectric layer 150. here silicon 
dioxide or silicon oxynitride. having a predetermined 
thickness of, here, for example. 25 narxxneters. It is 
noted that the deposition of layer 150 is confornml and 
does not fill the recess 152 formed in the structure 
shown In FIG. 3H from the pad nKride etch back, or 
recess. 

[0032] Referring now to FIG. 3J. using an isotropic 
or wet etch process selective to the material used for 
layer 150, here silicon dioxide r silicon oxynitride, the 



iwer portions of such layer 150 are removed to pro- 
duce the structure shown in FIG. 3J. 
[0033] Next using the exposed portions of the siG- 
con dioxide layer is removed using a hydrofluoric add 

5 wet etch, such process also renwving upper portk^ns of 
the dielectric material used for STI. thus exposing a por- 
tion 160 (FIG. 3J) of the silicon substrate 100. A RIE is 
used to selectively remove exposed portions of the 
exposed portion 160 (FIG. 3J) of the siGcon. The RIE 

10 does not etch the siGcon nitride or silicon dioxkle 
(TEOS) and such material thus provkie a RIE mask to 
recess the silicon having the width X a p.'-edetemilned 
depth D from the upper surface 162 of the substrate 
100. That is. atime oontroGed RIE etch is used to recess 

IS surface 1 64 of the silicon a predetermined depth D from 
the upper surface 162 of the suk>strate 100, where here, 
for example. D is 200-500 nanometers (nm). To put it 
another way. a step is fbroYed in the silicon substrate 
100 having a vertical wall 166. such wall 166 having a 

20 height D and such vertcal wall 166 being spaced from 
the sidewall 144 of the trench the desired dtetance X. As 
will be shown, this vertk:al wall 166 provkies the gate 
channel for the fieki effect transistor of the DRAM cell. It 
is also noted that such vertk^al wall 166 is formed sub- 

25 sequent to the STI without lithography and the critical 
alignment required therewith. 
[0034] Referring now to FIGS. 3K and 3U the siG- 
con nitride layer 124 is selectively removed using hot 
phosphoric add and the silicon dioxkle layer 126 under 

30 the pad silicon nitrde layer 124 is renxived using a 
hydrofluoric add containing etch thereby produdng the 
structure shown in FIG. 3L 

[0035] Referring now to FIG. 3M. exposed surface 
portions 162 of the siGcon substrate 100 are oxkiized to 

35 form a conventior^ gate oxkie 128. A layer 180 of 
doped polycrystalline silicon is deposited over the sur- 
face of the structure, to produce the structure shown in 
FIG. 3M. The structure is then processed in any con- 
ventfonal manner to produce the gate electrode 200 and 

40 source and drain regfon 202. 204 for the f iekJ effect tran- 
sistor 210. The resulting DRAM cell is shown in FIG. 3N, 
such the transistor being electrically coupled to the 
trench capacitor though the coupling, i.e.. buried strap, 
region. 

45 [0036] Other embodiments are within the spirit and 
scope of the appended daims. 

Claims 

50 1 . A method, comprising: 

forming a sidewall in a semiconductor sut>- 
- ctrate. such sklewall extending below a surface 
of the substrate: 
65 forming a saaifidal material on the skJewall; 

forming a covering nratertal over the surface of 
the substrate with a portion of the sacrificial 
material pr jecting thr ugh the covering mate- 
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rial; and 

selectively removing the saa^daJ material 
while leaving the covering material to expose a 
region of the semiconductor body disposed 
below the surface of such body. s 

2. A method, comprising: 

forming a trench in a semiconductor substrate 
with a sidewall portion of a trench disposed in io 
the semiconductor substrate being provided by 
the semiconductor substrate; 
forming sacrificial material on the sidewall por- 
tion of the trench, such sacrificial material 
extencfing from the surface of the semiconduc- is 
tor substrate into the substrate beneath a sur- 
face of the semiconductor substrate; 
forming a covering material over the surface of 
the semiconductor substrate with a portion of - 
the sacrificial material projecting through the so 
covering material to expose such portion of the 
sacrificial material; and 

sut^ecting the covering material and the 
exposed portion of the sacrificial material to an 
etch to selectively remove the sacrificial nnate- 25 
rial whOe leaving the covering material, such 
removed sacrificial nr^erial exposing the side- 
wall portion of the second region. 

3. The method recited in dalm 2 comprising: 30 

delineating an active area in a selected portion 
of the substrate comprising provicEng a dielec- 
tric nuiterial as the covering material over non- 
- active areas of the semiconductor substrate, ss 
the active area being covered with a second, 
different material; 

wherein the selective removal of the 
sacrificial notarial exposes the sidewall portion 
of the trench, such exposed sidewall portion 40 
serving as a marker indicating the position of 
such sidewall; and 

bringing an etch contact with the different 
materials covering the active and non-active 
areas, such etch selectively renfK>ving portions 45 
of the second material to e]9X>se an underlying 
portion of the active area contiguous to the 
sidewall of the trench to expose a buried strap 
region; 

providing a material in the exposed buried so 
strap region. 

4. The method recited in daim 2 comprising: 

delineating an active area in a selected portion ss 
of the substrate induding providing the cover- 
ing dielectric nr^terial over non-active areas of 
the semiconductor sii)strate, the active area 



being covered with a seoorvl, different material, 
th selective renxival of the sacrifidal arterial 
exposes the sidewall of the trench, such 
exposed sidewall portion serving as a n^arker 
indicating the position of such sidewall; 
bringing an etch contact with the different 
materials covering the active and non-active 
areas, such etch selectively removing portions 
of the second material to expose an underlying 
portton of the active area laterally spaced from 
the sidewall of the trench a selected distance; 
anisotropically etching the axposed active area 
to provkje a vertical surface laterally spaced 
from the sidewall the selected distance; and 
forming a fiekJ effect transistor in the active 
area 

having a gate channel along the vertical wall. 

5. A method for forming a first region of a semiconduc- 
tor substrate disposed beneath a surface of such 
sut>strate aGgned with a secorxi region, such sec- 
ond regfon having a portion thereof disposed in the 
semiconductor sutsstrate beneath the surface of tiie 
semiconductor substrate, comprising: 

forming the second region in the semiconduc- 
tor substrate, such second region having a 
sidewall portion provided by the semiconductor 
substrate: 

forming sacrificial material on the sidewall por- 
tion of tiie second region, such sacrif k:tal mate- 
rial extending from the surfece of the 
semiconductor substiate into the substrate 
beneath the surface of the semiconductor sub- 
strate; 

forming covering n^terial over the surface of 
the semiconductor substrate with a portion of 
the sacrifidal material projecting through the 
Qovering material to expose such portion of the 
^ sacrificial material;'and 

subjecting the covering material and the 
exposed portion of the sacrifidal material to an 
etch to selectively remove ti^ sacrifidal nota- 
rial from the sidewall portion while leaving tiie 
covering nf>aterial, such removed sacrifidal 
material exposing the sidewall portion of the 
second region; 

forming the first region in the semiconductor 
sui>strate using the exposed portion of the sec- 
ond regfon as nwker indicatirig position of tfie 
sidewall of the second region. 

6. A method for providing a selected noterial in a first 
regfon of a semiconductor substrate disposed 
beneath a surface of such substrate and aligned 
with a second region, such second region having a 
portion thereof disposed in the semiconductor sub- 
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strate beneath the surface of the semiconductor 
8ut)etrate. comprising: 

forming the second region in the semiconduc- 
tor sut>strate. such second region having a 
sidewall portion provided by the semiconductor 
substrate: 

forming sacrificiai material on the sidewall por- 
tion of the second region, such sacrificial mate- 
rial extending from the surface of the 
semiconductor substrate into the substrate 
beneath the surface of the semiconductor sub- 
strate: 

forming covering material over the surface of 
the semiconductor sut>strate with a portion of 
the sacrificial material projecting through the 
covering material to expose such portion of the 
saaificial material; 

sUjecting the covering material arxl the 
exposed porton of the sacrificial material io an 
etch to selectively renfK>ve the sacrificial mate- 
rial while leaving the covering material, such 
removed sacrificial material exposing the first 
region of a semiconductor substrate disposed 
beneath a surface of such substrate; 
providing the selected n^erial in the exposed 
portion of the semiconductor. 

A method for providing a selected material in a first 
region of a semicorxluctor substrate disposed 
beneath a surface of such suttstrate in contact with 
a sidewall portion of a trench disposed in the semi- 
conductor substrate beneath the surface of the 
semiconductor substrate, comprising: 

forming the trench in the semiconductor sub- 
strate with the sidewall portion of the trench 
being provided by the semiconductor sut>- 
strate; 

forming saaifidal material on the sidewall por- 
tion of the trench, such sacrificial material 
extending from the surface of the semiconduc- 
tor substrate Into the substrate beneath the 
surface of the semiconductor substrate; 
forming covering material over the surface of 
the semiconductor substrate with a portion of 
the sacrificial material projecting tfvough the 
covering material to expose such portion of the 
saaificial material; 

subjecting the covering material and the 
e^q^osed portion of the sacrificial material to an 
etch to selectively remove the sacrificial mate- 
rial while leaving the covering nr^terial, such 
removed sacrifidal material exposing ^e first 
region of a semiconductor substrate disposed 
beneath a surface of such substrate; 
providing the selected nraterial in the exposed 
portion of the semiconductor. 



8. A method of forming a dynamic random access 
memory cell in a semicorxiuctor substrate, such cell 
having transistor \n an active area of the semicon- 
ductor substrate electricaQy coupled to a storage 

5 capacitor through a coupling region, such method 
comprising: 

forming an electrode for the capacitor in a lower 
portion of a trench \n the semicorxiuctor sub- 

10 strate; 

forming sacrificial material on the sidewall por- 
tion of the trench, such sacrtfidal materia! 
extending from the surface of the semiconduc- 
tor substrate nrto the sut>strate beneath the 

IS surface of the semiconductor substrate; 

delineating the active area for the transistor 
comprising forming covering material over the 
surface of the semiconductor sii^strate with a 
portion of the sacrificial material b^ng prpject- 

20 ing through the covering nnaterial to expose 

such portion of the sacrificial material; 
subjecting the covering material and the 
exposed portion of the sacrificial material to an 
etch to selectively remove the sacrifidalmate- 

25 rial while leaving the covering material, such 

removed sacrificial material exposing the first 
region of a semiconductor substrate disposed 
beneath a surface of such substrate; 
providing the selected material In the expc^ed 

30 portion of the semiconductor. 

9. The method recited in claim 8 wherein the step of 
delineating the active area includes subjecting the 
substrate to a temperature of at least lOOO^C. 

35 

ia The method recited in claim 9 wherein the step of 
delineating the active area includes subjecting the 
substrate to such temperature for a period of time of 
at least 2 minutes. 

40 . . . 

11. The riiethod recitdd in 6iajm 8 including: 

forming a protective layer over the conductive 

material and over upper portions of the trench 
45 prior to delineating the active area; and 

removing portion of the protective layer after 

delineation of the active area to re-expose 

upper portions of tiie trench: 

forming the coupling region with such coupling 
so region beir^g in contact with the re-exposed 

upper portions of the trench. 

12. The method recited in daim 11 including: 

55 forming a saaifidal material over the protective 

layer prior to delineation of the active area; and 
wherein the active area delineation 
indudes: 
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forming a &hallGw trench in a surface portion of 
the substrate, such shallow trench being 
formed in over a one portion of the capacitor, 
such shallow trer>ch being inhibited from k>eing 
formed over another portion of the capacitor. 5 
the saaffidal material being disposed over 
such another portion of the capacitor; and 
wherein, after such active area delinea- 
tioa the buried strap formation includes: 
removing the sacrificial material to provide a 10 
divot; and 

forming the buried strap in the divot. 

13. A method of forming a dynamic random access 
nf)enrx)ry cell in a semiconductor substrate, such ceil is 
having a source/drain region of a field effect transis- 
tor electrically coupled to a storage capacitor 
through a coupling region, such method compris- 
ing: 

20 

forming an electrode for the capacitor in a fower 
portion of a trench in the semiconductor sub- 
strate; 

forming a saaificial material with a predeter- 
mined thickness over the sidewalls of a first 25 
upper portion of the trench and a second mate- 
rial in a second upper portion of the trench con- 
tiguous to the sacrificial n^terial; 
selectively removing the sacrificial material to 
form a divot of predetermined volume in the 30 
upper portion of the trench aligned with the 
sidewall of the trerKh; 

filling the divot wKh a thifd material to provide 
the coupling region; and 

diffusing dopant in the doped silicon through 35 
the coupling region to the source/drain region 
of the field effect transistor. 

14. A method for fonning a dynamic random access 
memory cell In a silicon substrate, such cell having 40 
a source/drain region of afield effect transistor elec- 
trically coupled to a storage capacitor through a 
ooufpling region, such method comprising: 

forming a doped silicon noaterial electrode for 45 
the capacitor in a lower portion of a trench in 
the silicon substrate; 

lining sidewalls of an upper portion of the 

trench with a protective layer; 

forming a sacrificial material with a predeter- so 

mined thickness oviBr the lined sidewalls of a 

first upper portion of the trench and a second 

material in a secorxi upper portion of the trench 

contiguous to the saaificial nr^aterial; 

forming an isolation trench for the cell in the sil- ss 

icon substrate; 

oxidizing the sidewalls to the isolation trench; 
filling the isolation trench with a dielectric mate- 



rial: 

selectively renwving the sacrificial material to 
form a divot of predetermined volume in the 
upper portion of the trerx^h aligned with the 
sidewall of the trerKh; 

selectively removing the protective layer to 
expose the doped siOoon material; 
filling the divot with silicon to provide the cou- 
pling region; and 

diffusing dopant in the doped silicon material 
through the silicon coupling region to the 
source/drain region of the field effect transistor. 

15. The method recited in daim 14 wherein the protec- 
tive layer is silicon nitride. 

16. The method recited in daim 15 wherein tiie sacrifi- 
dal layer is siHcon. 

17. The method recited in claim 16 wherein the cielec- 
tric material indudes silicon dioxide. 

18. The method recited in claim 14 including forming a 
pad layer over the sibstrate prior to formation of tiie 
trench in the silicon substrate and wherein the step 
of filling the isolation trench with a dielectric com- 
prises: 

depositing the dielectric over the pad layer with 
portions thereof filling the trench and extending 
above the trench; and. planarizing the depos- 
ited dielectric to a surface of the pad layer. 

19. The method redted in daim 18 wherein the protec- 
l trve layer is silicon nitride 

20. The method redted in daim 19 wheran the sacrifi- 
dal layer is siGcon. 

21. The method riBcited in claim 20 wherein the delec- 
tric material indudes silicon dioxide. - 

22. A method for forming a dynamic random access 
memory ceQ in a sificon substrate, such cell having 
a source/drain region of a field effect transistor elec- 
trically coLpled to a storage capacitor through a 
coupling region, such method comprising: 

fonning a doped silicon n^terial electrode for 
the capacitor in a lower portion of a trench in 
the silicon substrate; 

forming an isolation trench for the cell in the sil- 
icon substrate; 

oxidizing the sidewalls to the isolation trench; 
filling the isolation trench with a dielectric mate- 
rial; 

subsequentiy forming the coupling region; and 
diffusing dopant in the doped silicon arterial 
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through the silicon coupling region to the 
Gource^drain region of the field effect transistor. 

23. The method recited in daim 22 including the step of 
lining sidewalls of an upper portion of the trench 
with a protective layer; 

forming a sacrificial material with a predeter- 
mined thickness over the lined sidewalls of a 
f irst upper portion of the trench and a second 
material in a second upper portion of the trench 
contiguous to the saaif icial material; 
forming an isolation trench for the cell in the sil- 
icon sut>strate; 

oxidizing the sidewalls to the isolation trench: 
filling the isolation trench with a dielectric mate- 
rial; 

selectively removing the saaificial material to 
form a divot of predetermined volume in the 
upper portion of the trench aligned with the 
sidewall of the trendi; 

selectively removing the protective layer to 
expose the doped silicon material; 
filling the divot with silicon to provide the cou- 
pling region. 

24. The method recited in claim 23 wherein the protec- 
tive layer is silicon nitride. 
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fornung a doped silicon material electrode for 
the capacitor in a fower portion of a trench ki 
the sflicon sUbstrate; 

lining sidewalls of an upper portion of the 
trench with a protective layer; 
forming a sacrificial material with a predeter- 
mined thickness over the lined sidewalls of a 
first upper portion of the trench and a second 
material in a second Mpper portion of the trench 
contiguous to the sacrificial material; 
forming an isolation trench for the cell in the sil- 
icon substrate: 

oxidizing the sidewalls to the isolation trench; 
fOling the isolation trendi with a dielectric mate- 
rial; 

selectively removing the sacrificial material to 
form a divot of predetermined volume in the 
i^er portion of the trench aligned with the 
sidewaD of the trench; - 

selectively removing the protective layer to 
expose the doped silicon material; 
filling the divot with silicon to provide the cou- 
pling region: and 

etching back an upper portion of the divot filing 
silicon to provide a divot in such divot tilling sil- 
icon; 

filing the divot in the divot filling silicon second 
with a second dielectric material. 



25. The method recited in claim 24 wherein the sacrifi- 
cial layer is silicon. 



30 32. The method recited in claim 31 including the steps 
of: 



26. The method recited in daim 25 wherein the dielec- 
tric material indudes silicon dioxida 

27. The method redted in daim 22 induding fonning a 
pad layer over tine substrate prior to formation of tiie 
trench in the silicon substrate and wherein the step 
of filling the isolation trench with a dielectric com- 
prises: d^x)sitEng the dielectrk; over tiie pad layer 
with portions thereof filling the trench and extending 
above the trench; and. planarizing tiie deposited 
dielectric to a surface of tiie pad layer. 

28. The method recited in claim 27 wherein the protec- 
tive layer is sHicon nitride. 

29. The method redted in daim 28 wherein the saaifi- 
cial layer is silicon. 

30. The method redted in daim 29 wherein the dielec- 
tric material indudes silicon dioxida 

31. A method fa forming a dynamic random access 
memory cell in a silicon substrate, such cell having 
a source/drain regkxi of a field effect transista elec- 
trically coupled to a storage capadtor through a 
coupling regioa such mettiod conprising: 



removing upper portions of the second dielec- 
tric material and exposing an upper surface of 
35 the silicon substrate; 

growing a gate oxide over tiie exposed surface 
of the silicon: 

forming a gate electrode for the field effect tran- 
sistor over the gate oxide. 

40 

33. The method redt*j in darni 32 wherein the protec- 
tive layer is silicon nitride. 

34. The method recited in daim 33 wherein the sacrifi- 
45 dal layer is silicon. 

35. The method recited in claim 34 wherein the first- 
mentioned dielectric material indudes silkxxi diox- 
ide. 

so 

36. The method redted in daim 34 wherein the second 
dieledric material includes silicon oxynitride. 

37. A method for forming a dynamic random access 
55 memory cell in a silicon substrate, such cell having 

a source/drain region of a field effect transistor elec- 
trically coupled to a storage capadtor through a 
coupling region, such method comprising: 
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forrrong a 6oped eflicon material electrode for 
the capacitor in a lower portion of a trench In 
the silicon sut^strate with an portion of such 
doped silicon nreterial being in contact with the 
silicon trench sidewall to provide the coipling 5 
region: 

lirung sidewalls of an upper portion of the 
trench with a protective layer; 
forming a sacrificial material with a predeter- 
mined thickness over the lined sidewalls of a 10 
first upper portion of the trench and a second 
material in a second upper portion of the trench 
contiguous to the saaif idal material; 
forming an isolation trench for the cell in the sil- 
icon substrate; is 
selectively removing the sacrificial material to 
form a divot of predetermined volume in the 
Mpper portion of the trench aligned with the 
sidewall of the trench to expose the protective 
layer; 20 
selectively removing the protective layer to 
expose the doped silicon material and upper 
portions of the sificon sidewalls of the trench 
above the coupling region; 
rilling the divot with a non-silicon material to 2S 
provide a mat^ial along the upper portions of 
the silicon sidewalls of the trench above the 
coupling region; and 

selectively etching back an upper portion of the 

silicon contiguous to the non-silicon nr^ater'ial, 30 

such non-silicon material protecting the doped 

silicon from the selective etching; 

growing a gate oxkie over the etched silicon 

sidewalls: 

forming a gate electrode for the field effect tran- 3S 
sistor over the gate oxide, such transistor hav- 
ing a gate channel along a sidewall of the 
selectively etched silicon. 

38. The method recited in daim 37 wherein the protec- 40 
tive layer is silicon nitrida 

39. The method recited in claim 38 wherein the sacrifi- 
cial layer is silicon. 



45 



40. The method recited in claim 39 wherein the non-sil- 
icon material includes an cxynrtride. 



so 
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FIG. 3G 




FIG. 3H 
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